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Introduction
The increasing volume of sewage sludge produced in Malaysia create problems in handling and disposal. New approaches in
treatment of sludge using thermal techniques and utilization the product are very promising not only in reducing the quantity of
waste but also able to produce a valuable by-product for use as construction material. Different thermal treatment techniques
would produce different types of molten slag.
Thermal treatment normally comprises three important components; heating temperature, cooling rate, and holding time.
Different heating temperatures lead to different properties of the end products. Holding time determines whether tne required
temperature has reached the entire material, and thus allowing changes to the entire body of the sludge material. Cooling rate
affects the resulting properties of the material 1. Melting process achieves higher volume reduction and produces more stable
rock-like product than incineration, which may increase the reuse opportunities2.
Incinerated ash and melted slag have physical and chemical properties suitable for use as an aggregate substitute in
construction application 3. The environmental assessment of treated materials, to be considered for utilization, is normally
associated with the extent of contaminant release, expected to occur during the life time ofthe product itself, or the facility in
which it will be used 4.
The objective of the study was to investigate the treatment of sewage sludge using high temperature melting to produce a
residual material which is stable and safe for disposal. The study also evaluates the potential use of treated sludge as
construction and building material
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Materials and Methods
Sewage sludge collected from septic tanks were characterised for physical and chemical composition. A laboratory scale
melting furnace was used for melting study. The temperature used in the study varied from 900 to I500°C. Investigation of
the physical and chemical properties of finished product were carried out, including hardness, water absorption, specific
gravity, chemical composition and leaching. Emission studies during incineration step were also carried out to evaluate air
pollution potential at different temperatures. Gas analyzer was used to detect SOl, NO, N02, CO and COl.
Results and Discussion
Using incineration and melting, the sewage sludge were converted into inorganic ash and finally as molten slag products which
do not generate odour and they are in stable form. The volume of molten slag is about 1.90/. of that of the original dewatered
cake and about 40 % of that of incinerated ash.
During incineration process, Hg and Pb were the highest vaporizing metals, whereas AI, Fe, Ca, Cr and Cd were stabilized in
the bottom ash with a low proportion of evaporation. During melting process, Hg could not be detected in the molten slag due
to its highly vaporizing behaviour, Cr, Cd and Pb also were highly vaporized during melting process, whereas AI, Fe and Ca
remained stabilized in the molten slag with very low proportion evaporating.
Scanning electron microscopic examination was carried out to examine the microstructure of the different molten slag
products. Results show that molten slag with a lower heating temperature above the melting point without holding time and
slower cooling rate showed some crystalline boundary structure, whereas the other different melting procedures products were
amorphous.
Leaching test conducted for the molten slag confirmed that the leachate quality complied within the standard limit prescribed
for many applications.
Molten slag produced from sewage were found to be more superior in quality compared to commercially available crushed
stone. It is be better in quality than natural marble and granite.
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In terms of gaseous emission, CO was found to diminish at elevated temperature above 800GC, but recorded a value of 80ppm,
50 P!1m and 15 ppm for S02, NO and N02 respectively at incineration temperature of 800GC. The minimum gas emission can
be achieved at 850 to 900°C.
Conclusions
The sewage sludge can be destroyed using high temperature melting (up to 155uGC) to produce useable end product. The
physical and chemical properties of molten slag are very superior in quality than many commercially available building
material. Stabilised sewage sludge in the form of melted slag are found to be non-leachable and therefore they are safe for
ultimate disposal. Possible reuse of melted sludge for construction materials is highly recommended.
Benefits from the study
The process for stabilization of sewage sludge using incineration followed by melting is found to be environmentally viable as
the end products are no longer posing a health threat. The achievement is direct conversion of unstable organic material into
inert, non-leachable crystal-like slag which can be utilized to make construction material. The direct benefit will be cost
saving in terms of achieving very high sludge volume reduction (more than 90% ) and saving enormous landfill area
Patent{s), if applicable:
Nil
Stage of Commercialization, if applicable:
scale up to pilot scale plant IS required for commercialization
Project Publications in Refereed Journals
I. Ami Idris and Katayon Saed. Effect of High Temperature Melting on Fractionation of Heavy Metals in Sewage Sludge, Journal on
Environmental Science and Health, Part A - ToxiclHazardous Substance and Environmental Engineering, Vol. A37, No.6, 2002
2. Ami Idris and Katayon Saed. Characteristics of Slag Produced from Incinerated Hospital Waste, Journal on Hazardous Material, Vol.
93, No.2, pp201-208,20()2
3. Z. Abu Kaddourah, Ami Idris, MJ.M.M. Noor and F. R. Ahmadun. 2000. Effects of High Temperature Melting on the Porosity and
Microstructure of Slags from Domestic Sewage Sludge, Journal on Water Science Technology, Vol.41, No.8, pp 99-105
4. Ami Idris. Ziad A. Kaddourah, MJ. Mohd Noor, F.R Ahmadun ...Katayon Saed. Characteristics of heavy metal release from incinerated ash
and molten slag using different thermal technique, Journal on Solid Waste Technology and Management, Vol. 29, No.3, pg 206-212,
2003
5. A.G. Liew, Azni Idris, A.A. Samad, C.H.K. Wong, A.M. Baki, Reusability of sewage sludge in clay bricks, Journal of Material Cycles
and Waste Management, 2003
Project Publications in Conference Proceedings
I. Ami ldris, Ziad Abu Kaddourah, Megat Johari Megat Mohd Noor, Fakhru'l Razi Ahmadun, Thermal Treatment Of Sewage Sludge For
Safe Reuse, Seminar on Latest DevelopmentlFindings of Existing Research in the Water Industry, 4 April 2000, Kuala Lumpur
2. Ami Idris, Z. Kaddourah, MJ.M.M. Noor, F. R. Ahmadun, K. Saed, Utilization Of Molten Slag And Incinerated Ash From Sewage Sludge
In Mortar Manufacturing,lWA Conference On Water And Wastewater Management For Developing Countries, PWTC, 29-31 October
2001, Kuala Lumpur
3. Ami Idris, Ong Bee Yen, Mohamed Hanifa Abdul Hamid, Aminuddin Mohd Baki, Drying Kinetic And Stabilization Of Sewage Sludge In
Lagoon In Hot Climate, IWA Conference on Water and Wastewater Management for Developing Countries, PWTC, 29-31 October 200 I,
Kuala Lumpur
4. Azni Idris and Katayon Saed, Stabilization Of Incinerated Hospital Waste Using High Temperature Melting In Malaysia. Approriate
Environmental and Solid Waste Management and Technologies for Developing Countries, ISWA World Environment
Congress, Vol. I, Pg 269 - 274, July 8 - 12,2002, Istanbul, Turkey
s.Aznlldris, Katayon Saed, Mahmoud Alkilani, Leong Jin Hoong, Stabilization of Rubber Sludge Using High Temperature Melting Process.
LUCED-I&UA International Conference 2003-lnternational Conference On Environmental Management And Technology, 101 Resort,
Putrajaya, Malaysia, 4-6 August 2003
353
UPM Research Report 1997-2000. Vol II. Section 2-Extended Abstracts
Graduate Research
Name of Graduate Research Topic Field of Expertise Degree Awarded Graduation Year












IRPA Project number: 09-02-04-0189
Project Leader Dr Azni bin Idris
UPM Research Cluster: SAE
354
